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0 Process for the manufacture of substituted maleimfdee. 

© The invention provides a process for the manufacture of substituted maleimidea of the formula 



a) 



w herein R* represen ts ary' Of hyf eroarvl and R» represent* hydrogen, alkyl. alkoxycarbonyl. ~a -ykor 




heteroaryl. 

by reacting an activated glyoxyjate of the formula 



CO 

in 



ui 



o=c; 



R 1 ' 
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wherein R 1 has the sbove significance and X represents a leaving atom or group, 
with an imtdate of the formula 
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C— Y~R 3 



(in) 



wherein R 2 has the above significance. R 3 represents aikyl. 

aryl or uialkylsilyl and Y represents oxygen or sulphur, in the presence of a base and. after treating a 
reaction product obtained in which R 2 represents hydrogen or alkyl with a strong base, hydroly^ng and 
dehydrating the resulting hydroxy - pyrrolinone of the formula 



wherein R\ R 2 , R 3 and Y have the above significance. 
The substituted maleimides ot formula I are pharmacoiogoicaJly active, for example as protein kinase C inhibitors 
useful e.g. in the treatment and prophylaxis of inflammatory, immunological, bronchopulmonary and cardiovas - 
cular disorders, or as antiproliferative agents useful e.g. in the treatment of immune diseases and allergic 
disorders. 




(IV) 




* J=r - 
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The present invention relates to a process for the manufacture of substituted maleimides. 
More particularly, the invention is concerned with a process 'or the manufacture of 2 * substituted and 
2.3 - disubstituted maleimides of the general formula 



(I) 

wherein R 1 represents alkyl. aryl or heteroaryl and R 2 represents hydrogen, alkyl. alkoxycer|>onyl 
cycloaikyl. aryl or heteroaryl. 

i$ The substituted maleimides of formula I hereinbefore have valuable pharmacological propertied. For 
example, they are protein kinase C (PKC) Inhibitors as described e.g. in US 5057614. EPA 038434) and 
EPA 0470490 or antiproliferative agents as described e.g. in DE 4005970. 

As used herein, the term •alkyl' means a straight - chain or branched -chain alkyl group 
preferably contains a maximum of 8 carbon atoms, e.g. methyl, ethyl, propyl, isopropyl, butyl, iscteutyl, 

20 tert.butyl, pentyl, hexyl. heptyl etc. The term 'atkoxy- carbonyl' means a straight -chain or branched - 
chain alkoxy- carbonyl group which preferably contains a maximum of 8 carbon atoms in the aikoxy ((roup, 
e.g. methoxycarbonyl. ethoxycarbonyl. isopropoxycarbonyl etc. The term 'cycloaikyl* mean* a cycloaikyl 
group which preferably contains from 3 to 8 carbon atoms and which can be optionally substitutec 
cyclopropyl, cyclobutyl. cyclopentyl. cyclohexyl etc. The term 'aryl' means an optionally subsiituted 

25 monocyclic, bicyclic or polycyclic aromatic ring, e.g. phenyl, naphthyl. anthryl, phenanthryl etc. Th€ 
'heteroaryl' means an optionally substituted monocyclic, bicyclic or poly- cyclic aromatic ring In which 
or more carbon atoms has been replaced by one or more nitrogen, oxygen and/or sulphur atom? 
pyridyl, thienyl, indolyl, ben20thiophenyl etc 

According to the invention the substituted maleimides of formula I hereinbefore are manufactured by 

$o reacting an activated glyoxyiate of the general formula 

o=c (n) 

R 1 



which 



e.g. 
rted 
term 
one 
•.g. 



wherein R' has the significance given earlier and X represents a leaving atom or group, 
40 with an imidate of the general formula 

HN 

^C_Y— R» (III) 
CM, 



so wherein R* has the significance given earlier, R* represents alkyl, aryl or trialkylsilyl and Y repre sents 
oxygen or sulphur, 

in the presence of a base and. after treating a reaction product obtained in which R* represents hydrogen or 
alkyl with a strong base, hydrolyzing and dehydrating the resulting hydroxy -pyrrolinone of the g jneral 
formula 



* 93 
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(IV) 



wnerein R\ R» R* and Y have the significance given earlier. 

The leaving atom or group denoted by X in an activated glyoxylate of formula II can be. e.g. a heloger 
atom such a$ chlorine, an aJkoxycarbonyioxy group, e.g. methoxycerbonyloxy. ethoxycarbonyloxy 
isopropoxycarbonyloxy etc.. the pentafluorophenoxy group, or the like. In a preferred embodiment 
represents a halogen atom, especially chlorine. 

The reaction of an activated glyoxylate of formula II with an imidate of formula III Is conveniently carrtec 
out In an organic solvent which is inert under the conditions of the reaction. Suitable bases are, for example, 
tertiary amines, e.g. triethylamine. dilsopropylethylamine. 4 -dimethylaminopyridine. N * ethylrnorpholine 
1,4-dia2abicycio(2.2,2]octane etc. pyridine and the like. Suitable solvents are. for example, halogenated 
aliphatic hydrocarbons, e.g. dichloromethane, chloroform etc., optionally halogenated aromatic hydrocar- 
bons, e.g. benzene, toluene, chlorobenzene etc.. open -chain and cyclic ethers, e.g. dimethoxyethane, 
tert.butyi methyl ether, tetrahydrofuran etc.. formamides. e.g. dimethytformamide etc., esters. e.g. ethyl 
acetate etc. and mtriles. e.g. acetonitrile etc. The reaction is prelerably carried out at about 0*C to about 
40 * C. especially at about room temperature. 

When a substituted glyoxylate of formula ll in which R a represents hydrogen or alkyl is used, the 
reaction product obtained must be treated with a strong base. Especially suitable strong bases are alkali 
metal alkoxides, particularly potassium tert.butoxide. 

The hydrolysis and dehydration of a hydroxy -pyrrolinone of formula IV to give a substituted maieimkJe 
of formula I is expediently carried out by treatment with a mineral acid, e.g. hydrochloric acid, sulphuric 
acid etc., or an organic acid. e.g. methanesulphonic acid, p - toluenesulphonic acid etc.. or by treatment 
with an acylating reagent, e.g. trifluoroaeetic anhydride, and a suitable base. e.g. pyridine, conveniently at 
about room temperature. The hydroxy - pyrrolinone of formula IV is preferably hydrolyzed and dehydrated 
in situ; that Is to say. the process is preferably carried out as a so-called "one -pot* process. 

The activated glyoxylate starting materials of formula II are known compounds or analogues of known 
compounds which can be prepared in analogy to the known compounds or as described in the following 
Examples or in analogy thereto. 

The imidate starting materials of formual III. insofar as they are not known compounds or analogues of 
known compounds, can be prepared by reacting a nitrile.of the general formula 

R a -CH2-CN (V) 

wherein R* has the significance given earlier, with a compound of the general formula 
H-Y-R3 (VI) 

wherein R 3 has the significance given earlier. 
The reaction is carried out in a known manner, e.g. in the presence of hydrogen chloride. 

Alternatively, imidate starting materials of formula III in which R 3 represents trialkylsilyl and Y represents 
oxygen can be prepared by reacting an amide of the general formula 

R*-CH*-CONH a (VII) 

wherein R* has the significance given earlier, with a halotrisfkylsilane, e.g. chlorotrimethylsilane, in the 
presence of triethylamine. The reaction is carried out in a known manner, for example in a solvent which is 
inert under the reaction conditions, e.g. a halogenated hydrocarbon such as dichloromethane etc, and at 
about room temperature. 

Preferred activated glyoxylate starting materials of formula II are those in which R- represents optionally 
substituted phenyl, naphthyl, thienyl, ben20thicphenyl or indolyl, especially a 3-indolyl group of the 
general formula 
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OX 

I 



(a) 



io wherein R* represents alky I, particularly methyl, or alkanoyl. particularly acetyl, and R b represents 
hydrogen or alkyl. particularly methyl, or R* and ft b together represent a tetramethylene group optic nally 
substituted by acyioxyalkyl. particularly ecetoxymethyl. 

Preferred imidate starting materials of formula HI are those in which R 2 represents optionally substi uted 
indolyl, especially 3 -indolyl or 1 - alkyl - 3 - indolyl. particularly 1 - methyl - 3 - indolyl, and R 3 repre<ents 
is secondary alkyl, especially isopropyl 

As mentioned earlier, the substituted maleimidee of formula I are, for example, protein kinare C 
inhibitors, which can be used e.g. in the treatment and prophylaxis of inflammatory, immunotoj ileal, 
bronchopulmonary and cardiovascular disorders, or antiproliferative agents, which can be used e.g. in the 
treatment of immune diseases and allergic disorders. The present invention enables these substi uted 
jo maleimides to be manufactured in good yields and purity starting from readily accessible starting mater als. 
The following Examples illustrate the present invention. 

Example 1 

25 A solution of 235 mg (1 mmol) of i.2-dimethylindole-3-glyoxylyl chloride in 20 ml of dry di:h- 
loromethane was added dropwise to a solution of 266 mg (1 mmol) of isopropyl 1 -methyl -3- in - 
doieacetim ideate hydrochloride and 404 mg (4 mmol) of triethylamine in 20 ml of dry dichlorometl >ane 
containing 4A molecular sieves. On completion of the addition the mixture was stirred at room tempers iture 
under nitrogen for 18 hours. 950 mg (5 mmol) of p - toluenesulphonic acid were then added and stiTing 
oo was continued for 1 hour. The mixture was filtered, the filtrate was evaporated to dryness and the res due 
was purified by flash chromatography on silica gel using dichloromethane/ ethyl acetate (8:1) for the elution. 
There were obtained 257 mg (70%) of 3 - (1 ,2 - dimethyl - 3 - indolyl) - 4 - (1 - methyl - 3 - indolyl) - ' H - 
pyrrole - 2,5 - dione in the form of a red solid of melting point >290 * C- 

The isopropyl i - methyl - 3 - indoleacetimidate hydrochloride used as the starting material was pre- 
ss pared as follows: 

Hydrogen chloride was bubbled through a stirred solution of 7.5 g (44 mmol) of 1 - methytindole * 3 - 
, ecetonitrife in 100 ml of dry isopropenol at room temperature. After 4 hours the solvent was removed u ider 
reduced pressure and the residue was triturated with diethyl ether to give 5.17 g (44%) of isopropyl 1 - 
methyl - 3 - indoleacetimidate hydrochloride as a white solid of melting point 133'C. 

40 

Example 2 

A stirred solution of 10 g (41 mmol) of (S) - 8- (acetoxy- methyl)- 6,7.6.9 - tetrahydropyridoll 2 - a] - 
indole in 100 ml of dichloromethane was treated dropwise at 0'C with 4.3 ml (49 mmol) of oxafyl chlo ide. 

45 After 8 minutes the solvent was removed by evaporation under reduced pressure and the residue was 
suspended in 150 ml of toluene and treated with 9.5 g (41 mmol) of isopropyl 1 -methyl-3- n- 
doieacetimidate hydrochloride (prepared as described in Example 1). The stirred suspension was cooled to 
0*C and treated dropwise with 23 ml (168 mmol) of triethylamine. After stirring for 18 hours at mom 
temperature under nitrogen the thick suspension was partitioned between dichloromethane. toluene and 

so 0.5M hydrochloric acid. The organic extracts were dried over sodium sulphate, filtered and treated wi :h a 
suspension of 15.6 g (82 mmol) of p - toluenesulphonic acid in 100 ml of toluene. The mixture was stirred at 
room temperature for 2.5 hours, washed with water, saturated sodium bicarbonate solution and brine, dried 
over sodium sulphate and evaporated to give a brown solid. Trituration with diethyl ether gave 13.73 g 
of (S) - 3 - [8 - (acetoxy methyl) - 6,7,8.9 - tetrahydropyrido{1 ,2 - ajindol - 10 - yl] - 4 - (1 - methyl - 

u mdolyl) - 1 H - pyrrole - 2.5 - dione. A sample was crystallized from dichloromethane/ methanol to give 
orange solid of melting point 238 - 241 ■ C. j 
The (Sj-S-iacetcxymethyn^e^.S.S-tefahydropyrid^i^-aJincfcle used as the starting material was 



2% 
3- 
an 
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A mixture of 4.47 g (20.8 mrnol) of e.7.8.9-t©trahydropyrido[i.2-alindole-8-carboxy1ic add and 3.9 
g (25 mmol) of 1 - menthol in 100 ml of dichloromethane was treated with 0 25 g (2.05 mmol) of 4- 
dimethylammopyrldine and cooled in ice. 6.08 g (22.9 mmol) of dicyclohexylcarbodllmlde in 20 ml of 
dichloromethane were added dropwise" during 10 minutes. After 0 5 hour the suspension was filtered 
through a pad of diatomaceous earth and the filtrate was evaporated. Flash chromatography (diethyl 
ether/hexane. 1:5) gave 6.09 g (83%) of mixed diastereoisomers as a^oil. The isomers were separated 
either by flash chromatography on silica ge! using diethyl ether/hexane (1:9) for the elution or by fractional 
crystallization from isopropanoi. Menthyl 6.7.8.9 - tetrahydropyrido{l Z - a]indole -8{S)-carboxylate melted 
at 117-118'C and had the rotation [«bn» » -76^' (c - % in chloroform). The corresponding (R) 
isomer melted at 87 - 89 # C and had the rotation 



= -22.8* (c * 1% in chloroform). 

A solution of 0.8 g (2.27 mmol) of 1 - menthyl 6.7.8.8 -tetrahydropyrtdo{l^-alindOle-8(S)-carbox- 
ylate in 15 ml of dry tetrahydrofuran was treated dropwise under a nitrogen atmosphere with 2 ml (2 mmol) 
of 1M lithium aluminium hydride. After 10 minutes the mixture was cooled in ice. treated successively with 
5 ml of ethyl acetate and 30 ml of water and acidified with 1M hydrochloric acid. The mixture was extracted 
three times with diethyl ether and the combined extracts were dried over sodium sulphate and evaporeted. 
Flash chromatography on silica gel using ethyl acetate/hexane (1:1) for the elution gave (S)-8- 
(hydroxymethyl) - 6.7.8.9 - tetrahyd ropy rido( 1.2 - ajndole as a white solid which was dissolved in 5 ml of 
dichloromethane. 0.43 g (4.21 mmol) of acetic anhydride and 0.9 ml (8.5 mmol) of triethylamine were added 
and the solution was left to stand for 17 hours. The solvent was evaporated and the residue was partitioned 
between 5% aqueous sodium bicarbonate solution and diethyl ether. The organic phase was dried over 
sodium sulphate and evaporated, and the residue was crystallized from aqueous ethanol to give 0.518 g 
(94%) of (S)-8-(acetoxymethyl)-6.7 l 8.9-teUahydropyrido # 1.2-aJindole as a white solid of melting point 
63-64 # C; 



■ - 43.7 * (c « 1 % in chloroform). 
Example 3 

?ln a manner analogous to that described in Example 1. from 222 mg (1 mmol) of 1 -methylindole-3- 
glyoxylyl chloride and 213 mg (1 mmol) of isopropyl phenyl acetamidate hydrochloride there were obtained 
185 mg (61%) of 3 -(1 -methyl -3- indoiyO - 4 - phenyl - 1 H - pyrrole -2.5 -dione in the form of. en 
orange solid of melting point 230 - 232 " C. 

Example 4 

In a manner analogous to that described in Example 1, from 222 mg (1 mrnol) of 1 - methylindole - 3 - 
glyoxyiyl chloride and 263 mg (1 mmol) of isopropyl 2 - napthaleneacetimidate hydrochloride there were 
obtained 174 mg (49%) of 3-(1 -methyl -3- indolyl)-4- (2 -naphthyf)-iH- pyrrole -2,5 -dlone in the 
form of an orange solid of melting point 269 - 271 * C. 

The isopropyl 2 - naphthaleneacetimidate hydrochloride used as the starting materiel was prepared in a 
manner analogous to that described in Example 1 from 2-nephthylacetonrtrllo. It was obtained in the form 
of a white solid of melting point 180- 184 # C. 

Example S 

In a manner analogous to that described in Example 1. from 222 mg (1 mmol) of 1 -methylindole -3- 
giyoxylyl chloride and 269 mg (i mmol) of isopropyl 3 - benzothiopheneecetimidate hydrochloride there 
were obtained 196 mg (55%) of 3 - (1 - benzothiophen - 3 - yl) - 4 - (1 - methyl - 3 - tndoryl) - 1 H - pyrrole - 
2,5- dione as an orange solid of melting point 238-241 *C. 
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The isopropyi 3 - benzothiopherieacetimidete hydrochloride used as the starting material was pre pared 
as follows: 

In a manner analogous to that described in Example 1, from benxothiophene-3-acetonitrile theft was 
obtained isopropyi 3-b*nzothiopheneecetimidate hydrochloride as a cream coloured solid of melting point 
e 93-95 # C. 

Example 6 

In a manner analogous to that described In Example 1. from 222 mg (i mmol) of 1 - methylindole - 3 - 
to glyoxylyl chloride and 204 mg (1 mmol) of isopropyi 1 - acetyl -3 - indoleacetimidate hydrochloride there 
were obtained 1 84 mg (48%) of 3-(1 - acetyl -3- indolyl) - 4 - (1 - methyl - 3 - indoly I) - 1 M - pyrrole - 
2*5 - dione in the form of a red solid of melting point 252 - 253 * C. 

The isopropyi 1 - acetyl - 3 - indoleacetimidate hydrochloride used as the starting materiel was pre- 
pared as follows: 

rs In a manner analogous to that described in Example 1. from 1 - acety lindole- 3 - acetonitrile theri was 
obtained isopropyi 1 -acetyl -3 -Indoleacetimidate hydrochloride in the form of a white solid of mplting 
point 122-125 # C. 



Example 7 

In a manner analogous to that described in Example 1. from 222 mg (1 mmol) of 1 -methylindole -3- 
glyoxylyl chloride and 22S mg (i mmol) of isopropyi 3 - thiopheneacetimidete hydrochloride there were 
obtained 105 mg (58%) of 3 - (1 - methyl - 3 - indolyl) - 4 - (3 - thienyl) - 1 H - pyrrole - 2.5 - dione irj the 
form of an orange coloured solid of melting point 225- 227 *C. 

The isopropyi 3-thiopheneacetimidate hydrochloride used as the starting material was prepared as 
follows: 

In a manner analogous to that described in Example 1, from 3 - thiopheneacetonitrile there was 
obtained isopropyi 3-thiopheneacetimidate hydrochloride in the form of a beige solid Of melting point 

ii8-ne # c. 

Example 8 



In a manner analogous to that described in Example 1. from 222 mg (1 mmol) of 1 - methylindole -3- 
glyoxyryt chloride and 225 mg (1 mmol) of isopropyi 3 - imirto - 3 - isopropoxy propionate hydrocht >ride 
as there were obtained 71 mg (23%) of 3 - (isopropoxycarbonyl) - 4 - (1 - methyl -3- indolyl) - 1 H - pyrr< tie - 
2,5 -dione in the form of an orange coloured solid of melting point 199 - 202*C. 

The isopropyi 3 - imino - 3 - isopropoxypropionate hydrochloride used as the starting material 
prepared as follows: 

In a manner analogous to that described in Example 1. from isopropyi 2 - cyanoacetate there was 
40 obtained isopropyi 3- imino -3 - isopropoxy propionate hydrochloride in the form of a beige solid of mc Iting 
point 73 - 75*C 



Example 9 



49 165 mg (1.38 mmol) of oxatyl chloride were added to a stirred solution of 300 mg (1.24 mmol) of 
acetoxymathyi-e,7*8 t 9-tetrahydropyridol1.2-a]lndole In 50 ml of dichloromethane at 0*C. The rest ting 
solution was stirred for 15 minutes and the solvent was removed by evaporation. The residue was dissc ved 
in 30 ml of toluene and added dropwise to a stirred solution of 496 mg (4.96 mmol) of triethylamlne and 
331 mg (1.31 mmol) of isopropyi 3 - Indoleacetimidate hydrochloride in 20 ml of toluene. After 18 hairs 

so 1.16 g (6.2 mmol) of p - toluenesulphonic acid were added and stirring was continued for 1 hour. The 
mixture was then partitioned between dichloromethane and water. The organic phase was dried >ver 
sodium sulphate and evaporated to dryness. The residue was pvnWed by flash chromatography on silica gel 
using ethyl acetate/petroleurn ether (1:1) for the elution to give I70mg (38%) of 3-(8-(acetoxymethll)- 
6,7.8.9 - tetrahydropyrido[i ,2 -ajindol- 10 -yl]- 4- [3 - indolyl) - 1 H - pyrrole -2,5 -dione in the form off an 

35 orange coloured solid of melting point 264 - 265 * C. . 

The isopropyi 3 - indoleacetimidate hydrochloride used as the starting material was pr^p^C as fellows: 
in a manner analogous tc that described in Example 1. frorr. indole - 3 - acstonitnle there was obtained 



8- 



/ ' " 
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Example 10 



A stirred solution of 408 mg (2 mmol) of 1 - methyl - 3 - indolylglyoxylic acid in 20 ml of dich- 
loromethane was treated with 202 mg (2 mmol) of triethylamine and 273 mg (2 mmol) of isobulyl 

5 chioroformete. After 0.5 hour the solution was added dropwise to a stirred solution of 533 mg (2 mmol) of 
isopropyl 1 - methyl- 3- indoleacetimioate hydrochloride and 808 mg (8 mmol) of triethylamine in 50 ml of 
dichloromethane. The solution obtained wee heated to reflux under nttrogeh for 18 hours, cooled end treated 
with 1.9 g (10 mmol) of p - toluene - sulphonic acid. After 1 hour the solvent was removed reduced 
pressure and the residue was purified by flash chromatography on silica gel using dichJoromethane/ ethyl 

to acetate (8:1) for the elution to give 107 mg (30%) of 3,4-bis-(1 - methyl -3 -indolyl)-1H- pyrrole -2,5- 
Cione in the form of an orange coloured solid of melting point >3i0* C. 

Example 1 1 



ts A stirred solution of i 0 g (7.6 mmol) of 1 - methylindole In 25 ml of diethyl ether was treated at 0 * C 
under a nitrogen atmosphere with 1.81 g (8.4 mmol) of oxalyl bromide. After 1 hour the brown -red solid 
was filtered off and dried to give 12 g of 1 -methyiindole-3- glyoxylyl bromide. A solution of 266 mg (i 
mmol) of this bromide in 2$ ml of dichloromethane was added dropwise to a stirred solution of 266 mg (1 
mmol) of isopropyl 1 - methyl - 3 - indoleacetimidate hydrochloride and 404 mg (4 mmol) of triethylamine in 

?o 25 ml of dry dichloromethane. After 18 hours 950 mg (5 mmol) of p - toluenesulphonic acid were added and 
the mixture was stirred for 1 hour. The solvent was removed under reduced pressure and the residua was 
purified on silica gel using dichloromethane/ethyl acetate (8:1) for the elution to give 136 mg (38%) of 3,4- 
bis - (1 - methyl - 3 - indolyl) - 1 H - pyrrole - 2,5 - dione as a red solid of melting point >310 * C. 

2S Example 12 



in a manner analogous to that described in Example 1 from 222 mg (1 mmol) of 1 - methylindole - 3 - 
glyoxylyl chloride and 283 mg (i mmol) of isopropyl 1 - methyl -3 - indolethioacetimidate hydrochloride 
there were obtained 246 mg (69%) of 3,4 - bis - (T- methyl -3- indolyl) -1H -pyrrole -2.5 -dione as a red 
30 solid of melting point >300 * C. 

Tha isopropyl 1 - methyl - 3 - indolethioacetimidate hydrochloride used as the starting material was 
prepared as follows: 

Hydrogen chloride was bubbled through a stirred solution of 3 g (17.6 mmol) of 1 —methylindole - 3 - 
acetonitrile and 6.7 g (88 mmol) of 2 - propanediol in 70 ml of dry diethyl ether for 2 hours. The mixture 
as was left to stand for 3 days and then diluted with diethyl, ether. The ether was decanted off and the residual 
gum was triturated with diethyl ether to give 3.76 g (87%) of isopropyl 1 - methyl - 3 - indolethioacetimidate 
hydrochloride in the form of a grey solid of melting point 150*C. 

Example 13 

40 

In a manner analogous to that described in Example 1. from 222 mg (1 mmol) of 1 - methylindole - 3 - 
glyoxylyl chloride and 301 mg (1 mmol) of phenyl 1 - methyl - 3 - indoleacetimidate hydrochloride there 
were obtained 35 mg (10%) of 3.4 - bis - (1 - methyl -3- indolyl) - 1 H - pyrrole - 2,5 - dione in the form of a 
red solid of melting point >300'C. 
4$ The phenyl 1 - methyl -3 -indoleacetimidate hydrochloride used as the starting material was prepared 
as follows: 

Hydrogen chloride was bubbled through a solution of 3 g (176 mmol) of 1 -methylindole -3- 
acetonitrile and 8.28 g (88 mmol) of phenol in 70 ml of dry diethyl ether for 2 hours and the resulting 
solution was left to stand for 4 days. The solvent was removed under reduced pressure and the residual 
so gum was triturated with diethyl ether to give 1.4 g (30%) of i - methyl -3 - indoleacetimidate hydrochloride 
in the form of a purple solid of melting point 1 19 " C. 

Example 14 



55 A solution of 222 mg (1 mmol) of 1 - methylindole - 3 - glyoxylyl chlonde in 25 ml of dichloromethane 
was addec dropwise to a stirred solution of 138 mg (1 mmol) of isopropyl ethanimidate hydrochloride and 
404 mg (- mrr.ol) of triethylamine in 25 ml of dry dichlcrcmethane under a nitrogen atmosphere. Aftar 18 
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pressure. The residue was dissolved in 25 ml of dry toluene under a nitrogen atmosphere and the solution 
obtained was treated with 112 mg (1 mmoi) of potassium tert.butoxide. After stirring for 1 hour at room 
temperature MO mg (2 mmoi) of p - toiuenesuiphonic acid were added and stirring was continued for a 
further 1 hour. The mixture was then poured into water and extracted three times with dichloromethan* i. The 
s combined organic extracts were dried over sodium sulphate and evaporated to dryness. The residu » was 
purified by flash chromatography on silica gel using dichloromethane/ethyl acetate (9:1) for the eluton to 
give 102 mg (45%) of 3-0 - methyl - 3 - indolyl) - 1 H - pyrrole - 2,6 - dione in the form of a yellow solid of 
melting point 229 - 231 * C. 

ro Example IS 

In a manner analogous to that described in Example 14, from 222 mg (1 mmoi) of 1 - methylinc oie - 
3 - glyoxylyl chloride and 361 mg (1 mmoi) of isopropyl stearimidet* hydrochloride there were obtains i 288 
mg (64%) of 3 - (i - hexadecyl) - 4 - (1 - methyl - 3 - indolyl) - 1 H - pyrrole - 2,5 - dione as a yellow sc ild of 
is melting point 112- 114*C. 

The isopropyl stearlmidete hydrochloride used as the starting material was prepared as follows: 
In a manner analogous to that described in Example 1, from stearonitrile there was obtained isodropyl 
stearimidate hydrochlonde as a white solid of melting pcint S4 - 56 * C. 

20 Example 16 

A solution of 369 mg (1 mmoi) of pentafluorophenyl 1 -methylindole-- 3 -glyoxylate in 20 thl of 
dichloromethane was added to a stirred solution of 266 mg (1 mmoi) of isopropyl. 1 - methyl - 3 - 
indoleacetimidate hydrochloride and 404 mg (4 mmoi) of triethylamine in 25 ml of dichloromethane The 

2$ solution obtained was heated to reflux under nitrogen for 18 hours, cooled and treated with 950 mg (S 
mmoi) of p - toiuenesuiphonic acid. After 1 hour the solvent was removed under reduced pressure an J the 
residue was purified by flash chromatography on silica gel using dichloromethane/ethyl acetate (8:1) fcr the 
elutlon to give 159 mg (45%) of 3,4 - bis -(1 - methyl- 3- indolyl)- 1H -pyrrole -2,5 -dione in the fojn of 
an orange coloured solid of melting point >310 " C. 

ao The pentafluorophenyl 1 - methylindole - 3 -glyoxylate used as the starting material was preperejd as 
follows: 

1.13 g (5 5 moi) of dicydohexylcaroodiimide were added to a solution, cooled in ice, of 1 g (5 mmif) of 
1 -methylindole -3- glyoxylic acid and 1.01 g (5 mmoi) of pentafluorophenol in 50 ml of dry 
tetrahydrofuran. After stirring for 4 hours under a nitrogen atmosphere at 0*C the mixture was allow* d to 
39 warm to room temperature and then left to stand for 60 hours. 3 ml of glacial acetic acid were then aided 
and the mixture obtained was filtered. The filtrate was concentrated under reduced pressure and the residue 
h was purified by flash chromatography on silica gei using dichioromethane for the elution to give 40< mg 
(22%) of pentafluorophenyl 1 - methylindole- 3 -glyoxylate In the form of a pale yellow solid of m<rting 
point 168-9* C. 

Example 17 

In a manner analogous to that described in Example 14, from 222 mg (1 mmoi) of 1 - methyUndtjie - 
3-glyoxJyl chloride and 220 mg (1 mmoi) of isopropyl cydohexylacetimidate hydrochloride there were 
4S obtained 109 mg (37%) of 3 - cyclohexyl - 4 - (1 - methyl - 3 - indolyl) - 1 H - pyrrole - 2.5 - dione in the (orm 
of a yellow solid of melting point 224-225* C. 

The isopropyl cydohexylacetimidate hydrochloride used as the starting material was prepare^ as 
follows: 

In a manner analogous to that described in Example 1 , from cyciohexylacetonitrite there was obtained 
so isopropyl cydohexylacetimidate hydrochloride in the form of a pale pink solid of melting point 108- 1 10 



Example 18 



109 mg (1 mmoi) of chlorotrimethylsilane were added to a stirred solution of 188 mg (1 mmoi) of 1 - 
« methylindole- 3 -acetamide and tiOmg (1.1 mmoi) of triethylamine in 25 ml of dry dichloromethane. After 
0.5 hour at rcom temperature a further 202 mg (2 mmoi) of triethylamine were added, followed by a solitton 
of 222 mg ft mmoi) of i - methylindole - 3 - glyoxylyl cnloride in 25 ml of dry dichloromethane. After 

ccmc.fe: : .cr. o* *ne s-d.*tfcn the /r'xt^.-e cc?a»rec ^as st.'.v^c 2? :ccm •emceravjre fcr 18 hcvrs 9f-0 m*» 



c. 



BP 0 540 956 A1 



mmol) of p - toluenesulphonic acid were then added and stirring was continued for 1 hour. The solvent w« 
evaporated under reduced pressure and the residue was purified by flash chromatography on silica ge 
using dichlo/omethane/ethyl acetate (8:1) for the tlution to give 49 mg of (14%) 3.4 - bis -(1 -methyl-3- 
indoly I) - 1 H - pyrrole - 2.5 - dione as a red solid of melting point 304 - 307 * C 

s 

Example 19 

A solution of 802 mg of pentafluoropheny! pyruvate in 20 mi of dichtoromethane was added dropwtse tc 
a solution of 266 mg (1 mmol) of isopropyl 1 - methyl - 3 - indoieacetimidate hydrochloride and 808 mg (fl 

10 mmol) of thethylamine in 20 ml of dichtoromethane. After completion of the addition the mixture was stirrec 
at room temperature for 18 hours. 1.9 g (10 mmol) of p - tofuenesuiphonie acid were then added and 
stirring was continued for 1 hour. The solvent was removed under reduced pressure and the residue was 
purified by flash chromatography on silica gel using ethyl ecetate/diehlorometnane (1:8) for the elution to 
give 24 mg (10%) of 3 - methyl - 4 - (t -methyl- 3- indolyl)-iH- pyrrole -2.5 -dione in the form of a 

1$ yellow solid of melting point 181 * C 

The pentafluoropheny! pyruvate used as the starting material was prepared as follows: 
736 mg (4 mmol) of pentafluorophenol and 825 mg (4 mmol) of dicyclohexylcarbodumide were added 
to a stirred solution of 352 mg (4 mmol) of pyruvic acid in 10 ml of dichtoromethane at 0* C vnder nitrogen. 
The mixture obtained was diluted with 40 ml of dichtoromethane and stirred at room temperature for 18 

20 hours. The solvent was removed under reduced pressure and the residue was treated with 5 ml of cold 
ethyl acetate. The mixture was filtered and the filtrate was evaporated to dryness. The residue as purified 
by flash chromatography on silica gel using ethyl acetate/dichloromethane (1:8) for the elution to give 802 
mg of pentafluorophenyl pyruvate. 



*s Example 20 

In a manner analogous to that described in Example 1, 333 mg (1 mmol) of [8 -(acetoxy methyl) - 
8,7.8.9-tetrahydropyrido[1.2-a]indoi-lO-ylJglyoxylyl chloride were treated with 266 mg (1 mmol) of 
isopopyl 1 - methyl - 3 - indoieacetimidate hydrochloride in different solvents and at various temperatures to 
to give 3 - [8 - (acetoxy methyl) - 6.7,8.9 - tetrahydropyrido[1 2 - ajndol - 1 0 - y I J - 4 - (1 - methyl - 3 - indoly I) r 
1H- pyrrole -2,5 -dione. The results obtained are compiled in Table I: 



Table I 



Solvent 


Temperature 


Yield 


Dichtoromethane 


0*C 


228 mg (49%) 


Dichtoromethane 


25' C 


256 mg (55%) 


Dichtoromethane 


40 # C 


269 mg (58%) 


Dimethylformamide 


25 # C 


195 mg (42%) 


Ethyl acetate 


25' C 


312 mg (67%) 


Dimethoxyethane 


25'C 


199 mg (43%) 


Tetrahydrofuran 


25 # C 


219mg(47%) 


Acetonitrile 


25'C 


162 mg (35%) 


Dioxan 


25'C 


10 mg (2%) 


Toiuene 


25'C 


3l0mg (67%) 


tert - Butyl methyl ether 


25*C 


157 mg (34%) 



Example 21 

In a manner analogous to that described in Example 1. 333 mg (1 mmol) of [8 - (acetoxymethyf) - 
6.7.8 l 9-tetrahydropyrido(i,2-a}indol-l0-yl]glyoxylyl chloride were reacted with 266 mg (1 mmol) of 
isopropyl 1 - methyl - 3 - indoieacetamidate hydrochloride using toluene as the solvent and different bases 
to give 3 - [e - (acetoxymethyl) - 6.7,8.9 - tetrahydropyrido - [1 2 - a]indol - 1 0 - yl] - 4 - (1 - methyl - 3 - in - 
doiyl) - 1 H - pyrrole - 2,5 - dione The results are compiled in Table H. 



I-MI 
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Table II 



Base 


Yield 


Dimethylammopyridine 

Diisoprcpylethylamine 

Pyridine 

N - Ethytmor pholine 
OABCO 


130 mg (28%) 
177 mg (38%) 
87 mg.(l9%) 
130 mg (28%) 
149m (32%) 



15 



20 



90 



*DABCO ■ i .4 - diaminobicyclot2.2.2}octane. 



Example 22 

A stirred solution of 2.43 g (10 mmol) of (S)-8-(acetoxymethyl)-6j,8.9Metrahydropyridot1.2 
indole (prepared as described in Example 2) in 15 ml of dichloromethane was treated at 0*C with a 
of 1.27 g (10 mmol) of oxalyl chloride in 5 ml of dichloromethane. The solution was stirred for 15 
and then treated with 2.67 g (10 mmol) of isopropyl 1 - methyl - 3 - indoleacetimidate 
(prepared as described in Example 1) followed by 10 ml of dichloromethana. The mixture obtained 
treated with 5.05 g (10 mmol) of trlethylamine. allowed to warm to room temperature and stirred for 2 
The mixture was then washed with water and the organic layer was dried over magnesium sulphite 
evaporated to dryness. The residue was dissolved in 30 ml of pyridine, cooled in ice end treated 
with 2.10 g (10 mmol) of trifluoroacetic anhydride over 2-3 minutes. After 15 minutes the sofveni 
evaporated in vacuo and the residue was partitioned between dichloromethana and 2M hydrochloric 
The organic layer was washed with water and saturated sodium bicarbonate solution, dried over 
sulphite and evaporated. The resfdue was triturated with 30 ml of methanol and the solid was removed 
filtration. The product was washed with methanol and dried to give 2.45 g (52%) of (S)~3 
(acetoxymethyl) - 6.7.8.9 - tetrahydro - pyrido(1 .2 - ajindol - 1 0 - yi] - 4 - (1 - methyl - 3 - indofyl) - 1 H - 
pyrrole - 2,S - dione in the form of a red solid of melting point 238 - 241 • C. 

Claims 

1. A process for the manufacture of substituted maleimides of the general formula 



al- 
so ution 
mli lutes 
hydrochloride 
was 
liours. 
and 
dro^wise 
was 
acid, 
magnesium 
S by 
[8- 




(0 



wherein R* represents aJkyi. aryl or heteroaryl and R a represents hydrogen, alkyl, afcoxycarb^nyl, 
aryl or heteroaryl, 

which process comprises reacting an activated glyoxylate of the general formula 



so 



65 



0=< 



<n) 



:c=o 



wherein R' has the significance given earlier and X represents a leaving atom or group, 
with an imidate of the general formula 



i 
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HN, 
/ 
\ 



C — Y — R 3 



(in) 



wherein R* hes the significance given earlier in this claim. R» represents alkyl. aryl or trialkylsilyl 
and Y represents oxygen or sulphur. 

in the presence of a base and. after treating a reaction product obtained in which R* represents 
hydrogen or alkyl with a strong base, hydrolyxing and dehydrating thp resulting hydroxy - pyrroDnone of 
the general formula 




•R' 



(IV) 



OH R' 



wherein R\ R*. R» and Y have the significance given earlier In this claim. 

2. A process according to claim 1, wherein an activated glyoxylate of formula II in which R 1 represents 
optionally substituted phenyl, naphthyl. thienyl. benaothlophenyl or indolyl is used. 

3. A process according to claim 2. wherein R' represents a 3 - indolyl group of the general formula 



OX 



(a) 



I 



in which R* represents alkyl or alkanoyl and R b represents hydrogen or alkyl or R» and R* together 
represent a tetramethylene group optionally substituted by acyioxyelkyl. 

4. A process according to claim 3. wherein R* represents methyl or acetyl and R* represents hydrogen or 
.methyl or R a and R b together represent a tetramethylene group optionally substituted by acetox- 

ymethyl. 

5. A process according to any one of claims 1 to 4. wherein an activated glyoxylate of formula II in which 
X represents a halogen atom, particularly a chlorine atom, is used. 

6. A process according to any one of claims 1 to 5. wherein en imidate of formula III in which R 2 
represents optionally substituted indolyl. particularly 3 -indolyl or 1 - aJkyl - 3 - indolyl, preferably 1- 
methyl - 3 - indolyl. is used. 

7. A process according to any one of claims 1 to 6, wherein an imidate of formula III in which R 3 
represents secondary alkyl, particularly isopropyl. is used. 

8. a process according to any one of claims t to 7, wherein the reaction of an activated glyoxylate of 
formula II witn an imidate of formula III is carried out in the presence of a ternary amine or pyridine. 
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9. A process according to any one of claims i to 8. wherein a reaction product obtained m which R* 
represents hydrogen or alkyl is treated with an alkali metal alkoxide. particularly with pota sium 
tert. but oxide. 

s 10. A process according to any one of claims 1 to 9* wherein the hydrolysis and dehydration of a 
hydroxy - pyrroiinone of formula IV is carried out by treatment with a mineral acid or an organic scid. or 
by treatment with an acyiating reagent in the presence of a base. 

11. A process according to any one of claims 1 to 10, wherein the steps are carried out as a one]- pot 
io procedure. 



is 



25 
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